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High Frequency Compensation for Compressed Digital Audio

using Sampled-Data Control*

Koji FusryaMaf, Hiroshi KaANOf, Naoya Iwasakif, Riku KAIBE' and Yutaka YamamoTo!

Compressed digital audio technologies such as MD and MP3, cut down high frequency component
data which have less influence on hearing. However, with an increase of compression rate, the increase
in sound unclearness is observed. Therefore, a technology to realize high-quality sound is required
to respond to the increasing demands for high-quality sound reproduction. In order to meet this
challenge, a method is considered, in which the removed high frequency components are reproduced.
Focusing attention on the sampled-data control theory to establish an optimum signal processing
system using the original sound (CD sound) frequency characteristics, we have applied this theory to
high frequency compensation of compressed digital audio signals in the form of “interpolating data
points between discrete data to improve signal quality. " As a result, high frequency components of
compressed digital audio signals are compensated so that they are close to the frequency spectrum
of CDs, which enables sound quality improvement with a remarkably small amount of calculation
load. This technology has been implemented on semiconductors which have been commercialized in

LSIs for MD players.
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Fig. 1 The differences of frequency spectrums
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Fig. 10 Frequency response of digital filter K(z~!) for
oversampling

VEREIEI6KRTH Y, AEX(2) < L THE
ENMb. Fig 10026bns B0, Kz"H)orAs 4
PEFRR D LA Z D, 8Kk, +— % 7)) L TH
TYINTANTIL, BERTSA SRR A D
12, B12 R EDERE 74V FDHSNTWAS,
MRZ Ll e SR A & A 1 & At
VI oTwAh, ZhUd, EFILRVEEIANT
F=NHF T THFT YN T AN PERTEETH
HIEERLTVAS.

3.3 SEEERSOBRER

K(z"Y) offfic & b, EMifE512CD &% €7 ML
LB F(s) TRREL7YFEERO L 1A A —
UV TS HE S ESEAIE Shb. K(27)) % Fig. 7
WACA U CALER L 72 @380 43 O i IEAS SR % Fig. 11 127K
T. FEOCDE (EFNIZHW N +1) V4l) o
JEWEA RS PV EERL T, FED LP4E— FOFIE
RS DHEEL W EDbhr s, FTEOY v 7IVE
AR E VTR 247> BT EErHR S T
BY, EEDCD & EIIERITEVEHEHANT PTG
LENTwWa,

3.4 EEHNEEMMMER

KA IFBEEFHE T TH 5 PEAQ (Perceptual
Evaluation of Audio Quality : FSxchio & #1aFl:) % H
WT, RFHICE ) LP2, LP4E— FCTHHE SN/ EED



36 D AT LSRRG OGE 205 15 (2007)
(a)Frequency Spectrum of CD 0
“0 ; ! ; ; -05
-80
-120 . ‘ ) ' 3 -1.0
-160 [
5 10 15 20 > -5
= Frequency(kHz)
% (b)Frequency Spectrum of LP4 Signal % 20
T 40 T T T T [v 8
8 -120 ~
E 160 i . -30
S 0 5 10 15 20
§ Frequency(kHz) 35
s(c)Frequency Spectrum of LP4 Signal Comp by the prop method
g -40 9 T T T 4.0
< o No.1 No.2 No.3 No.4 Average
-120 B 1pg -3.289 | —3.343 —3.081 —2.463 -3.044
160 " - - 20 Bspc | 2462 | 2749 | 1893 | 1226 | 20825

Frequency(kHz)

Fig. 11 The differences of frequency spectrums among
CD, LP4 and LP4 compensated with the pro-
posed method

BEA L ORIES K SN2 D&~ PEAQIXEILE
Salf5# 4 (International Telecommunication Union,
ITU) 7% 1998 4 (ZRE#EfL L 7 #E4EE 30 [1TU-R
(Radiocommunication Sector) BS.1387] (Zf#i /] £
TVLLREBMEEFETFETH L. Zhid, wbw o
BREFEER L 3R ), AMAH CTHEW/2 L & Ok m
22 Ea—8TETMELLTEE, FEEES & LB
BENESTE2 Ty I LTHET S, Z0R1E -4
75 0OHTEERALES ST ENE, PEAQD Y
ThIZTRATN REPOSATFTHILNTES,

I3 25 EAHLE L e ORI EB D
Thhb.
0: 5L BT OENT DS v
TIEWDEDDRLN, FUIh bW
RIS DR S
R B
CIEEIRBES R B

TabbEEEZ CDISEALES, BFEHA010EWIE
ERHEDEE S CD ISEL, BEPRVWI L2 KT,
FRED KM 4 thix LT, CD ¥ & EHMiE (LP4 - LP2
®—F), CD & &SEMIESE (LP4-LP2E— FoF%k
ZNENFigs. 7, 8 IIRT FETEEHIEEZIT 720 D)
& T o BB E BB ERR O PEAQ fifi % Figs. 12,
1312”77, LP4E— FOBEIIFig. 12 6bh b e B
D, PEAQMfIZFH LT —3.044 75 —2.0825 124 142
BERHEINTBY (R 7HET3L.6%D%E) , [HE
%] ERBENEEEAN [RICRDPREICR S %
W] LARNVICETHEREDPEESIN TS Z LD RSN
2. ¥72Fig 13ICRT L 912, LP2E— FIZBWVTH
PEAQfEIZFH L T—-0.76 225 —0.576 IC&FHE SN TH
D (24.2%05E) , FTADEEHIEIZL>T, £ CD
DEZITEDVWTWEDNbND.

AR OFHETIE, oD% 213 Fig. 9 (/R [0 —0

- 36 —

Fig. 12 The comparison of PEAQ value between LP4
music and the compensated music(SDC)
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Fig. 13 The comparison of PEAQ value between LP2
music and the compensated music(SDC)
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